SUMMARY Little is known of the temporal and quantitative relationships between emptying of the stomach and of the gall bladder in patients with duodenal ulcer before and after vagotomy. A noninvasive double isotope technique was used to investigate these relationships in 27 patients with a duodenal ulcer, before and after operation -truncal vagotomy and pyloroplasty (TV+P; n= 15) and highly selective vagotomy (HSV; n= 12). A further 25 patients were studied after operation (TV+P, n=20: HSV, n=5). 'Tcm-EHIDA was used as the biliary tracer and "3Inm bran as the gastric content tracer. In patients with a duodenal ulcer before surgery and in 16 of the 17 patients studied after HSV, the patterns of gall bladder emptying were similar to those previously found in normal subjects. In 60% of patients after TV+P, patterns of gall bladder emptying were altered and the onset of gall bladder emptying was significantly delayed (p<0-001) compared with unoperated patients and patients with a HSV. The rate of gall bladder emptying did not correlate with the rate of gastric emptying in any of the patients studied. These observations suggest that TV+P, but not HSV, causes considerable alteration in coordination of gall bladder and gastric emptying.
There have been no studies in man of the precise relationship between emptying of the stomach and of the gall bladder after vagotomy. Although the effects of truncal vagotomy and drainage on the stomach are well known,'-3 those on the gall bladder are still unclear. Thus after truncal vagotomy and pyloroplasty (TV+P), emptying of the gall bladder has been reported as increased,4 decreased,' or unaltered. 6 The variety of methods used to measure gall bladder emptying, however, may explain some of the conflicting results. Frequently, unnatural stimuli -for example, exogenous cholecystokinin (CCK) have been used to stimulate gall bladder emptying.
In our previous studies of normal subjects, we stimulated gall bladder emptying by a solid meal containing a radiolabel and thus were able to measure gastric emptying and gall bladder emptying (using ¶Tcm-EHIDA scintigraphy) simultaneously. 7 The advantage of a meal is that it brings into play all the stimulatory mechanisms, cephalic, gastric, and intestinal, responsible for gall bladder emptying. Furthermore, alterations in gall bladder motility after operation are more likely to be demonstrated using a meal rather than a single stimulus, such as exogenous CCK, which bypasses the normal control mechanisms.
Alterations in the normal coordinated emptying of stomach and gall bladder after operation -if these were shown indeed -could have important clinical consequences. For example, alteration in the timing of delivery of gall bladder bile to the duodenum may play a role in the aetiology of the fat malabsorption observed in many patients after truncal vagotomy for a duodenal ulcer. ' The aim of this study was to define the patterns of gall bladder emptying after a meal and to clarify the relationship between gall bladder and gall bladder emptying in patients with a duodenal ulcer, and 855 patients after TV+P or highly selective vagotomy (HSV).
Methods

PATIENTS
Twenty seven patients with a duodenal ulcer awaiting surgical treatment volunteered for a prospective study. These patients were studied before, and at a mean of 7-1±0-4 months (range 5-5-10-1) after operation. Fifteen of these patients underwent TV+P and 12 HSV.
In addition, 25 patients were also studied at a mean of 21 years (range 20-36) after operation for duodenal ulcer, TV+P (n=20) and HSV (n=5). The Royal Liverpool Hospital Ethical Committee gave approval for the study (January, 1982) and informed consent was obtained from each patient.
The dual isotope method used for simultaneously measuring gastric emptying and gall bladder emptying has been previously described in detail. 7 Each study began at 0900 hours and lasted 120 minutes. The patient lay semirecumbent beneath a large field of view gamma camera (Searle LFOV, G D Searle, Unithoorn, Holland), fitted with a high energy parallel hole collimator and linked to a computer system (Digital PDP 11/34, Maynard, Massachusetts). Each subject received an iv injection of 74 MBq (2 mCi) of 'Tcm-EHIDA (2,6- stepwise ( Fig. 1) . The 'steps' in the filling curve corresponded to the appearance of the bile tracer in the small intestine when no gall bladder filling or emptying was occurring; thus, the hepatic bile was bypassing the gall bladder and emptying directly into the duodenum. There were no significant differences in the proportion of uniform (U) or stepwise (S) filling patterns in any of the study groups (duodenal ulcer U:S=9:14, TV+P U:S= 19:12, HSV U:S=7:6). More tracer entered the gall bladder (gall bladder partitioning) in patients who filled uniformly (740+±1*8%) compared with those patients who filled in a stepwise manner (50.5+4-1%, p<0O001).
Reproducibility studies showed that patterns of gall bladder filling were not consistent (see below). In two patients, uniform filling was observed in initial studies and repeat studies. In the remaining patient, however, stepwise filling was observed initially but he filled uniformly during the repeat study. Moreover, the pattern of gall bladder filling was often altered after operation: some patients filled their gall bladder in a uniform pattern before surgery then filled stepwise after surgery, and vice versa.
In those patients who exhibited uniform filling patterns there were no significant differences in filling rates between the study groups; duodenal ulcer= 2-7+0-2% min, TV+P=2-1+0-1%/min, HSV= 2-4+0 2%/min.
Count (S*. ) GALL BLADDER EMPTYING
In some patients the gall bladder began to empty spontaneously while the count rate in the gall bladder region of interest was rising to a plateau before the meal was taken. These patients could not be evaluated and are not considered further. In the majority of patients, however, the gall bladder began to empty during or after the meal. Thus, 23 of 27 patients with a duodenal ulcer who were prospectively studied before and after operation came into this category (TV+P, n=13; HSV, n=10). Also in the 25 patients studied only after operation, 21 were emptied in relation to a meal (TV+P, n=18; HSV, n=3).
The gall bladder began to empty 2*7±0.8 min after the beginning of the meal in patients with a duodenal ulcer, 6-2±0*8 min in the patients after TV+P, and 2*5 ± 1O0 min in patients after HSV (Fig. 2) . The delay in onset of gall bladder emptying after TV+P was significantly greater than in patients with a duodenal ulcer or after HSV (Fig. 2 ).
PATTERN OF GALL BLADDER EMPTYING
Previous studies in normal subjects7 have shown that there are two distinct patterns of gall bladder emptying after meal ingestion; type I (fast and near complete gall bladder emptying) and type II (slow with less gall bladder emptying). We found in the present study that in all but one of the patients with a duodenal ulcer or HSV, the patterns of gall bladder emptying were similar-that is, Type I and Type II, to those previously described for normal subjects (Fig.  3) . This subdivision into two types is characterised by two parameters -that is t½, ( fraction over the first 60 min of gall bladder emptying and allows clear separation of the two types (Fig. 3) . Patients who exhibited a type I gall bladder emptying pattern (duodenal ulcer n=18; TV+P, n=12; HSV, n=9) had rapid gall bladder emptying (mean t½/2 (first exp) of 4-9±0-7 min) and emptied a greater proportion of gall bladder contents in a specified period (mean 60 min ejection fraction of 75-6+ 1.4%). In patients with a type II pattern of gall bladder emptying (duodenal ulcer, n=5; TV+P, n=1; HSV, n=3), emptying of the gall bladder was slower (mean t½ (first exp) of 15-3 ± 1 -1 min) and thus less complete (mean 60 minute ejection fraction of 43.4+2-0%).
All patients with a duodenal ulcer had either a type I (n=18) or type II (n=5) pattern of gall bladder emptying. In the 31 patients with a TV+P, however, there were 12 type I patterns and only 1 type II pattern (Fig. 3) . The remaining 18 patients with a TV+P exhibited two additional patterns of gall bladder emptying which had not been observed in duodenal ulcer patients or our previous studies in 22 normal volunteers.7 These two additional gall bladder emptying patterns were called type III and type IV patterns (Fig. 4) . The incidence of these patterns was independent of the timing of previous surgery. Patients with a type III gall bladder emptying pattern commenced gall bladder emptying similar to a patient with a type I gall bladder emptying pattern but after completion of the rapid emptying phase one of two things happened: in one subgroup (type Illa, n=5; Fig. 4 ) the gall bladder refilled during the remainder of the study; in the other subgroup (type IIlb, n=7; Fig .4 ) the gall bladder neither filled nor emptied during the remainder of the study. Patients after a TV+P in whom a type IV gall bladder emptying pattern was observed (n=6) had irregular gall bladder emptying with alternating filling and emptying (Fig. 4) .
In patients with a HSV there were nine type I and three type II gall bladder emptying patterns observed. The remaining patient with a HSV had a type IV gall bladder emptying pattern.
QUANTITATIVE RELATIONSHIP BETWEEN GASTRIC AND GALL BLADDER EMPTYING
In patients with a duodenal ulcer or after HSV, the gall bladder always began to empty before the stomach did (Fig. 2) , emptying 9*6+1-7% and 11*9+1X3% respectively of its contents into the duodenum before the onset of gastric emptying (Fig.  5) . After a TV+P, however, patients only emptied 2-4+±10% of gall bladder contents into the duodenum before the onset of gastric emptying (Fig. 5) .
The pattern of gall bladder emptying was not consistently related to the pattern of gastric emptying -the rate of emptying of one organ seemed independent of the other. If all patients with a consistent gall bladder emptying pattern (type I) are further examined, there was no correlation between the proportion of gall bladder and gastric contents emptied during the first 15 minutes (arbitrarily chosen interval) of gastric emptying (Fig. 6) . Thus, even in a small time interval after the onset of gastric
DU
TVcind P HSV n-27 n=32 n-15 emptying, there is no relationship between the rate of emptying of either organ. Furthermore, the contents of the gall bladder that entered the small intestine during the first 15 minutes of gastric emptying were mixed with a greater volume of gastric contents in patients with a TV+P with type I gall bladder emptying patterns than in patients with a duodenal ulcer or HSV with the same gall bladder emptying pattern (p<0001, Fig. 7 ). This was clearly because of mistiming of emptying gastric and gall bladder contents as there was a larger amount of gastric contents emptied during the first 15 minutes of gastric emptying after a TV+P. In patients with a type III gall bladder emptying pattern after TV+P, gall bladder emptying during the first 15 minutes of gastric emptying was similar to a type I gall bladder emptying pattern (Fig. 4) 
REPRODUCIBILITY
Reproducibility studies were carried out in three patients who had undergone a TV+P. One patient had a type I gall bladder emptying during both studies (first study -t½, first exp=3*2 min, t/2 second exp=91 min and GBEF (10)=37%; second study=t,/2 first exp=4*1 min, t½ second exp=110 min and GBEF (10)=31%. In the remaining two patients, one had a type III gall bladder emptying pattern in both studies and the other patient exhibited a type IV gall bladder emptying pattern during both studies (Fig. 9) . Thus, in all three instances, the gall bladder emptying patterns observed were consistently reproducible.
Discussion
It has been generally assumed that gall bladder emptying is stimulated by the release from the small intestine of peptide hormones, in particular, cholecystokinin. Our previous studies, however, suggested the existence of 'preduodenal' mechanisms because the gall bladder began to empty before the stomach.7 The present study confirms these previous observations now in patients with a duodenal ulcer or patients after a HSV. After a TV+P, however, the onset of gall bladder emptying is delayed (Fig. 2) . This observation suggests that a long vagal pathway mediating the preduodenal mechanisms may be involved in the initiation of gall bladder emptying. The precise nature of the preduodenal mechanisms is unclear. The relatively rapid onset of gall bladder emptying after a meal in patients with duodenal ulcer and patients with a HSV suggests that there is a cephalic phase, probably neural, rather than a gastric phase for the initiation of gall bladder emptying, which is often well advanced before there is much food in the stomach. A vagally mediated gastric phase for gall bladder emptying has been shown in dogs"' but this has not yet been confirmed in man.
Further studies are clearly necessary to determine the precise nature of the controlling 'preduodenal' mechanisms responsible for gall bladder emptying. The patterns of gall bladder emptying in all patients with a duodenal ulcer and all but one patient with a HSV were similar to those previously reported in normal subjects -that is, either a rapid, large ejection pattern (type I) or, a slow, small ejection pattern (type II). After TV+P, however, in approximately 60% of patients the patterns of gall bladder emptying are greatly altered. In the very limited reproducibility studies done these were consistent. Furthermore, these altered patterns of gall bladder emptying were not related to the pattern of gastric emptying observed or the timing of previous surgery.
In all but one of the patients studied with a HSV, the patterns of gall bladder emptying were similar to those observed in unoperated duodenal ulcer patients -that is, type I or type II patterns. In particular, in the 10 patients who received a HSV who were studied before and after surgery, the pattern of gall bladder emptying after surgery was the same as that observed before surgery.
Therefore, this study shows that TV+P may disorganise gall bladder emptying patterns and HSV generally preserves them. Furthermore, the rapid initial gastric emptying observed after TV+P indicates mismatch between the emptying of the stomach and the gall bladder. Thus, TV+P produces considerable mistiming of emptying gastric and gall bladder contents because of three mechanisms; (i) delay in onset of gall bladder emptying (all patients), (ii) altered gall bladder emptying patterns (60% of patients), and (iii) rapid initial gastric emptying (85% of patients). This study also suggest that the rate of gastric emptying is a relatively Time after onset of GBE (min) Fig. 9 Reproducibility studies in two patients who have previously received a TV+ P. unimportant factor in determining the pattern and rate of gall bladder emptying.
It is not clear why some patients after TV+P maintain normal gall bladder emptying patternsthat is, type I and II patterns, whilst in others, the gall bladder emptying pattern is altered. As completeness of vagotomy was not tested in any of the TV+P patients studied there is the possibility that the variation in the postoperative gall bladder emptying patterns could be related to completeness, or otherwise, of vagotomy. This explanation is unlikely for two reasons; (i) all patients were asymptomatic, many for as long as 20 years after vagotomy, and (ii) in all cases the operation notes revealed at least two histologically proven vagal trunks; the nerves which are missed are usually branches to the fundus of the stomach rather than the hepatic plexus.
The type IlIb and IV gall bladder emptying patterns observed after a TV+P suggest that some incoordination may exist between the gall bladder and the sphincter of Oddi. Because these patterns were only consistently observed after a truncal vagotomy only, it is likely that the neurectomy is an important cause of the incoordination. Thus, intact vagal innervation to the gall bladder and sphincter of Oddi may be necessary to coordinate gastric emptying and gall bladder emptying. Hitherto, the autonomic supply to the biliary apparatus has been considered of minor importance in the control of gall bladder emptying.9 The one type IV gall bladder emptying pattern observed one patient after HSV may conceivably have resulted from an inadvertent truncal vagotomy. It is known from the investigations of Fields and Duthie'2 and Edwards et all that patients with a TV+P have abnormalities in fat digestion and absorption. Although the reasons for these abnormalities are several -that is, reduced pancreatic lipase secretion,'34 rapid gastric emptying with dilution of upper gastrointestinal secretions,'4 incoordination between gall bladder emptying and gastric emptying may also be contributory. This study shows that after HSV the motility of the upper gastrointestinal tract is less disturbed than after TV+P -gastric emptying of solids is less regularly altered and the temporal and quantitative relationships between gastric emptying and gall bladder emptying are usually unaltered. Moreover, it is also known that HSV, unlike TV+P does not reduce the secretion of pancreatic lipase. '5 Indeed, there is some evidence to indicate that fat malabsorption is less common after HSV than TV+ P.8 Thus, fat digestion and absorption are less affected by HSV than TV+P and that maintenance of the normal relationship between gastric emptying and gall bladder emptying may be contributory towards this.
Most investigators studying the effect of vagotomy on gall bladder motility have used exogenous cholecystokinin'6"' as the stimulus for gall bladder emptying. Investigations of this kind, ignore preduodenal mechanisms, and would not, therefore, be expected fully to delineate the precise gall bladder emptying pattern in these patients.
The spontaneous emptying of the gall bladder observed before the meal was given to the patients was also observed in normal subjects.' Spontaneous emptying is said to be initiated by the late phase 2 of the interdigestive migrating motor complex (IMMC), and has been observed in the dog'8 and man.'9 There was a tendency for this spontaneous emptying to be less common after TV+P than in patients with a duodenal ulcer. As it is known that truncal vagotomy interferes with the cycling and frequency of the IMMC cycle in the variable manner,20 this may partly account for the reduction in spontaneous emptying observed in patients after TV+P.
Gall bladder filling patterns (uniform and stepwise) did not appear to be influenced by vagotomy of either type. Limited reproducibility studies, however, have suggested that filling patterns are variable and that both patterns may be seen in the same patient on different occasions. In those subjects with uniform filling patterns, the filling rates were similar to those we previously reported for normal subjects7 and to those observed by other investigators.2'
The patterns of gastric emptying after operation were similar to those reported by other workers for solid meals.' 222 Thus, after TV+P the stomach empties in a double exponential pattern with a very fast first exponential and a much slower second exponential. In contrast, the preoperative pattern of gastric emptying observed is not changed by a HSV. In the patients with a duodenal ulcer before operation, the patterns of gastric emptying observed were also similar to those reported by other investigators: most patients have normal gastric emptying patterns but there is a small subgroup of patients with faster initial gastric emptying-that is, a double exponential pattern. 23 Interestingly, the time taken for onset of gastric emptying after the start of the meal was not different in any of the study group -that is, patients with a duodenal ulcer, TV+P or HSV. If the times of onset of gastric emptying in these study groups are compared with those obtained for a large group of normal healthy subjects, however (unpublished data), it was found that normal subjects began gastric emptying significantly later than any of the patients in the present study (p<0-001) (Fig. 10) . Stated in another way, unoperated patients with a duodenal ulcer commenced gastric emptying faster than normal Fig. 10 Comparison oftimesfor onset ofgastric emptying in all study groups compared with a group ofnormalsubjects (N) (n=22). Normal subjects commenced gastric emptying significantly later than patients with a duodenal ulcer or TV+ P (p<O-001) or HSV (p<002).
controls and this remained unchanged after either a TV+P or a HSV. This observation which has not been previously reported adds yet another abnormality in gastric function to the many which have already been reported in duodenal ulcer patients. In summary, we have shown that TV+P, but not HSV, often disturbs the pattern of gall bladder emptying. Furthermore, TV+P, but not HSV, delays the onset of gall bladder emptying but neither operation affects the onset of gastric emptying after the meal. The net effects of these changes is that the coordination of gastric emptying and gall bladder emptying is altered in many patients following a TV+P but not following an HSV. When considered in conjunction with other reported observations on upper gastrointestinal function after operation, these results suggest that HSV is more likely to maintain near normal coordination of motilty and secretory activity of the gall bladder and stomach than TV+P. 
